In this study, the presence of putative periodontal organisms, Porphyromonas gingivalis, Prevotella intermedia, Tannerella forsythensis, Fusobacterium nucleatum, Dialister pneumosintes, Actinobacillus actinomycetemcomitans, Campylobacter rectus, Eikenella corrodens and Treponema denticola were examined from subgingival samples of 40 dogs of different breeds with (25) and without (15) periodontitis, by using the PCR method. The PCR products of each species showed specific amplicons. Of the 25 dogs with periodontitis, P. gingivalis was detected in 16 (64%) samples, C. rectus in 9 (36%), A. actinomycetemcomitans in 6 (24%), P. intermedia in 5 (20%), T. forsythensis in 5 (20%), F. nucleatum in 4 (16%) and E. corrodens in 3 (12%). T. denticola and D. pneumosintes were not detected in clinical samples from dogs with periodontitis. Moreover, P. gingivalis was detected only in one (6.66%) crossbred dog without periodontitis. Our results show that these microorganisms are present in periodontal microbiota of dogs with periodontitits, and it is important to evaluate the role of these putative periodontal microorganisms play in the periodontitis in household pets particularly, dogs in ecologic and therapeutic terms, since these animals might acquire these periodontopahogens from their respective owners.
INTRODUCTION
The periodontal disease is an inflammatory condition of the dental periodontal tissues and it is often observed in small domestic animals, such as dogs (2, 20) . Depending on the severity, the periodontal diseases can be broadly classified into two stages: gingivitis, characterized by tissue inflammation, and periodontitis, associated with attachment loss, alveolar bone resorption, and tooth loss (10) .
These processes are caused by accumulation of subgingival biofilm and the severity is mediated by the presence of specific microorganisms and the host immunity status (16) . The pathogenesis of the periodontal disease in dogs has been little studied and these animals are used as research models for human periodontal disease (1, 17, 20) . Studies have suggested that the periodontal etiologic agents are similar to those of human disease (30, 36) . Moreover, it has been demonstrated a strong correlation between the presence of putative periodontal organisms and the destruction of periodontal tissues. Organisms such as Porphyromonas gingivalis, Prevotella intermedia, Actinobacillus actinomycetemcomitans, Treponema denticola, Fusobacterium nucleatum, Dialister pneumosintes, Tannerella forsythensis, Treponema denticola, Eikenella corrodens and Campylobacter rectus have been related to several forms of periodontal disease in humans and animals (2, 3, 5, 29) .
Molecular methods are currently available for detecting periodontopathogens, since techniques of bacterial culture are used to identify putative anaerobic pathogens from destructive periodontal disease, but it can be somewhat cumbersome and expensive (5) . Polymerase chain reaction (PCR) has been used in the direct identification of periodontal pathogens from subgingival specimens due to ability to accurately detect microbial species in mixed populations (3, 4) .
The aim of this study was to detect putative periodontal organisms from adult dogs with naturally developed periodontitis and without periodontitis.
MATERIAL AND METHODS

Dogs and clinical samples
Twenty-five dogs with periodontitis and 15 healthy dogs were selected from a Private Dental Veterinary Clinic (Odontovet, Sao Paulo, SP, Brazil) and from the School of Veterinary Medicine and Zootechny at the University of Sao Paulo (Sao Paulo, SP, Brazil). The selected animals belonged to four Crossbred and 36 to different breeds, as follow: 10 Poodle, 2 Schnauzer, 4 Yorkshire, 3 Beagle, 3 Cocker Spaniel, 3 Lhasa Apso, 1 Chow Chow, 1 Basset Hound, 1 German Shepherd, 1 Golden, 2 Maltese, 2 Rottweiller, 1 West Highland and 2 Daschund. They were 18 dogs and 22 bitches and from 1-year to 6-years of age. All the dogs with periodontitis showed clinical evidences of bleeding on probing, alveolar loss and periodontal pockets depth equal or exceeding 5 mm. Animals with systemic diseases, as well as those which had received antimicrobial therapy within the previous three months were excluded. The Ethic Committee for Animal Experimentation at the ICB/USP approved this study.
Initially, animals were anesthetized with propofol (2 mg/kg) and diazepam (5.5 mg/kg) by an intramuscular injection; isoflurane and oxygen were used by endotracheal way. Then, dental supra-gingival biofilm was removed by using a sterile gauze and the subgingival samples were obtained from only one periodontal site (canine, incisive or pre-molars) by using two fine sterile paper points (No. 40, Tanariman Ind. Ltd. AM, Brazil) inserted to the depth of the periodontal pocket or the gingival crevices and left in place for 60s. Samples were transported in 300 µl of sterilized ultra-pure water.
DNA extraction and analysis
DNA extraction was performed according to Avila-Campos (6). Samples were homogenized and washed twice at 12,000 x g for 10 minutes. The pellet was ressuspended in 300 µl of ultrapure water and boiled for 10 minutes. After centrifugation (14,000 x g, 10 minutes), the supernatant (DNA) was saved and transferred to a new tube and used as template. The quality of DNA samples was verified by using an agarose gel electrophoresis, and all of them were stored at -20ºC.
PCR amplification
All the clinical samples were included in the PCR analysis. Species-specific primer pairs based on the sequence of the gene 16S rDNA were used according to Ashimoto et al. (3) . The amplification reaction was performed in 25 µl containing 2.5 µl The amplifications were performed in a DNA thermal cycler (Perkin Elmer, GeneAmp PCR System 9700, Norwalk, CT, USA) programmed for 94ºC (5 minutes), followed by 30 cycles at 94ºC for 30 seconds; annealing temperature adequate for each primer pairs (Table 1) Amplified products were compared by electrophoresis in 1% of agarose gel in 1 X TBE buffer (1M Tris, 0.9M boric acid, 0.01M EDTA, pH 8.4) (Invitrogen), at 60 V, for 2.5 hours, stained with ethidium bromide (0.5 mg/ml) and photographed on an UV light transilluminator (Kodak Digital Science System 120 TM ). A 1-kb plus DNA ladder (Invitrogen) was used as a molecular marker.
RESULTS
The total bacterial distribution in 25 dogs with periodontitis and 15 healthy dogs is described in Table 2 . It can also be observed that Poodles showed the presence of the six studied microorganisms followed by Yorkshire, Beagle and Basset Hound dogs. P. gingivalis (64%) and C. rectus (36%) were present in most of the periodontal animals. Moreover, A. actinomycetemcomitans was present in 24%, P. intermedia and T. forsythensis in 20%, F. nucleatum in 16% and E. corrodens in 12% of the periodontal dogs (Table 3) . Of the 25 dogs with periodontitis only German Shepherd did not show the presence of any organism. No dog without periodontitis showed the presence of any studied periodontopathogen except one (6.66%) crossbred dog harboring P. gingivalis. On the other hand, none of the periodontal or healthy dogs showed T. denticola or D. pneumosintes. Moreover, all the evaluated dogs positive to any periodontal microorganism were over one year of age, but none association between the presence of organisms and analyzed breeds was observed.
DISCUSSION
In veterinary dentistry, it is estimated that more than 80% of adult dogs have periodontal disease (18) . Since these organisms have an important role in oral infection, their isolation and identification are required (12, 18) . Periodontal bacteria such as E. corrodens, A. actinomycetemcomitans, P. gingivalis, P. intermedia and F. nucleatum are recognized as important opportunistic pathogens in the development of periodontal and non-oral diseases of humans and dogs (7, 16, 19) .
Studies have shown the presence of different organisms of the subgingival samples from dogs with gingivitis or induced periodontitis (1, 17, 27) . In our study, we detected putative periodontal organisms from subgingival samples of dogs with naturally occurring periodontitis. P. gingivalis was detected in 64% of the evaluated periodontal dogs, according to Allaker et al. (2) , who identified this organism in 68% of the evaluated dogs.
It is well known that the presence of plaque at the gingival margin and in the sulcus induces a gingival inflammation in dogs, since it is irritating and causes gingivitis (19) . Animals over two years old, mainly dogs, suffer in some degree of this chronic inflammatory disease (26) and the bacteria often implicated in that process are P. gingivalis and P. intermedia, as well as in human periodontitis (2) . In this study, none association between the presence of the microorganisms and breed dogs analyzed was observed. It was also interesting to note that P. gingivalis was detected only in one (6.66%) of the healthy crossbred dogs, and it is explained due to an accelerated disease progression observed in companion animals compared to humans may be due to a relative lack of routine dental care.
The evaluated periodontal microorganisms were observed 12% to 64% of the dogs with periodontitis and it suggests that the detected microorganisms can play an important role in progression of periodontitis. In this study, we analyzed different dog breeds and certainly the dietary regimen, age, sex and other factors such as the animal behavior could interfere with the prevalence and in the progression of disease (35) .
Our results show that C. rectus was the second most often bacteria detected in the evaluated periodontal dogs (36%). Similarly, studies have shown that in humans this organism is an active pathogen in periodontitis (3, 33) . On the other hand, C. rectus has been detected in low levels from samples of ligature-induced periodontitis in beagle dogs (27) . A. actinomycetemcomitans is considered an important periodontal pathogen in the human aggressive periodontitis (13) . In this study, this organism was detected in 24% of the periodontal samples. In addition, none healthy dog harbored A. actinomycetemcomitans. Data have shown that A. actinomycetemcomitans is recovered from healthy human without periodontal disease in approximately 20% to 25% of the examined subgingival samples, and it has been suggested that the presence of this organism in healthy sites can be an exogenous contamination (3, 25) .
F. nucleatum is a Gram negative anaerobe often recovered from subgingival samples, particularly from human periodontitis (25) . In our study, F. nucleatum was present in 16% of the periodontal dogs but none subgingival sample from healthy dogs showed DNA of this organism. Moreover, studies have shown the high prevalence of F. nucleatum in gingivitis and in advanced periodontitis, particularly, in beagle dogs (27, 31) .
P. intermedia/P. nigrescens isolates are commonly found in the oral cavity of periodontal healthy or diseased individuals as well as those with extra-oral infections (23) . These two species, P. intermedia and P. nigrescens are not distinguishable by routine phenotypic methods (15). The identification to species level is based on DNA homology studies, serotyping using monoclonal antibodies, sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE), hybridization with species specific oligonucleotide probes or polymerase chain reaction (24, 29) . In our study, 20% of the periodontal dogs harbored P. intermedia. Studies have shown that the same genotypes of P. intermedia can colonize spouses or parents and children (14) ; the same can be true to owners and household pets, due to these animals have a close relationship with members of a family, particularly those with pedigree.
T. forsythensis is found in the subgingival and periodontal pockets of humans and it is known to cause periodontal disease (30, 32) . This organism has been isolated from the oral cavity of primates but not from other animals. Moreover, T. forsythensis 
has been isolated from human wounds produced by cat and dog bite, suggesting that these strains were originated in the oral cavity of dogs and cats (22) . In our study, T. forsythensis was detected in 20% of the evaluated dogs and it can suggest a possible role in periodontal microbiota.
E. corrodens appears to be an opportunistic pathogen in man and dogs (1), but its prevalence in the dog oral cavity is still unknown. Our data showed the occurrence of E. corrodens in 12% of the evaluated periodontal dogs. On the other hand, this organism has been observed in 60% of healthy adult humans (9) .
It is well known that several oral spirochetes are part of the oral microbiota in household pets such as dogs and cats; however, their role in pathogenesis and in the progression of periodontal disease is not still clear (21, 28) . Moreover, the role and the diversity of the Treponema spp. in human oral microbiota or in periodontal disease are still unclear (30, 33) . T. denticola has been related to subgingival biofilm from dogs, suggesting that some household pets may be susceptible to the bacterial infection similarly from those found in humans (28) . In our study, none of the analyzed dogs harbored this organism.
D. pneumosintes has been reported in literature as a putative periodontopathogen and it can be recovered from oral and extraoral infections (11) . This organism appears to be related to the increase of the alveolar bone loss in man (8) . Nevertheless, this periodontal organism has not been described in oral samples of dogs or other household pets.
Because these animals can acquire these periodontal pathogens from their respective owners, our results suggest the need to determine the role of these putative periodontal microorganisms in the periodontal disease of household pets, particularly dogs. (25) e sem (15) doença periodontal. Os produtos amplificados pelo PCR para cada espécie bacteriana mostraram amplicons específicos. Dos 25 cães apresentando doença periodontal, P. gingivalis foi detectado em 16 amostras (64%), C. rectus em 9 (36%), A. actinomycetemcomitans em 6 (24%), P. intermedia em 5 (20%), T. forsythensis em 5 (20%), F. nucleatum em 4 (16%) e E. corrodens em 3 (12%). Em nenhuma amostra clínica periodontal foi observada a presença de T. denticola ou D. pneumosintes. Adicionalmente, P. gingivalis foi detectado em apenas um (6,66%) cão saudável, sem raça definida. Nossos resultados mostram que esses microrganismos estão presentes na microbiota periodontal de cães com periodontitis, e isto torna importante a avaliação do papel que esses microrganismos periodontais desempenham na periodontite de animais domésticos, particularmente cães, em termos ecológicos e terapêuticos, desde que esses cães podem adquirir esses periodontopatógenos de seus respectivos proprietários.
